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Cyclic s@dlia«Bta^.0n has now been widely r@cognls9d from a 
variety of Sddim^ntaTy ms^irormmxts (Ouff, Hallasi a&a Walton^ 
1967)• Early invertlgations on this subject wore^ however, 
based mainly on observations in r^ard to lit^logie repetitions, 
so that inferezKses about occurrence of litbologic t^ rp^ s in a 
cyclical order or lack of it were largely qitalitatlTe as weJl 
as subj&ctive* With increasing application of oatheciatlcs 
in geological science in the past decade, or so, stvatigraphers 
and dedin<:;ntol€^ istts introduce quantitative approach in the 
study of cycUeal phencnaenon in sediiitentary roc^» Thin 
approach indeed eliminated elements of subjectivity in a 
probles^ i concerning %lth vertical order of lithologic states In 
a stratified asstsiblage* t>uff and Walton (1962) were aiaong 
tli€ early m>rkers to have analysed the sequence of lithologic 
types statistically. Subsequently, siore reliable statistics 
wer€ applied to test the iisplicatlons of vertical sequence 
or lithologlcal states. "larMov process" is one such statistical 
tool recently introdticed to deduce repetitive or cyclical 
characteristics of sediia^ a^tary successions, with bearing on 
s^ diiiaentation and tectonics (Vistelius, 1S^9| Grifflths,196€) • 
This statlsticiil proc9»s h&s been sueeessfully Applied on 
a variety of sedisiii&tar^ r s«qufi3ic0S In the past 4««Adt 
(Krumbeln, 1967; Hftrl»&ug& and Cart«Pt 1970) ^  8»d at i^«s«&t 
1® being iaor^arSim^ us#<l in varioua ottar 43L&0XpX%M»» of 
geology (&eh»m3*2aol»r# 1975) 
In this couotr^i $«v«raX srorl^ rs r0port#d oyolical ordor of 
ocexirronoQ foir llthologies oonstituti&ig Um ooal«b«a;riag 
QoMwana x^cks of p@niisii^ ar XMia (Pa«GO«f 19S©| IftalitayliMj 
l^ islanan^ 1963)« Corroboratir^ the views of #arl3r «orlr«rs« 
CassbQ^ ap (1970) docijgient^ tmmcated* and complete fiiilBg« 
Inward alluvial oycles froa %hs B^^ktjp rock^ of poninaular 
India. Bivmirer, doubts liava bo^ n rals«d against tba validit^r 
of eydioal order Im thea® roQles« on tlie grotmda tbat tbare 
i s no distinct rei^titlva ordar of litlol«^ie tgrpaa aa saan 
in borebolo logs (Baser jo«» 1960| Oliosii and mtra^ i9?0{ 
Ghosh, 1970)* ^panintl^ ttii@ ^mi M§ now bean wmi»9&, in 
favour ol eyelleal a^uenca {Boy Cho^ nllMry at al«9 XWfZ) and 
tlm concept of €grelioity in the coal 1»aaring Ooadaana roeks 
i s now widely rooogniaad (CaaslarAP* 1977) # l«#pr^el«saf 
fow attaspts hava bton cia^ ao far ^ daditoa aatinuatieally 
the «[yclieal order of lithologie statas in tbaae YO^»^ in 
tar^s or probability (Cass^ap eM IQmn^ 1973)* 
Xnassuch as a bedding aaquano« in a aadlsMmtary asaai^age i s a 
function of dcspositional procass at a glvan aita^ i t Msr be of 
gone tic tntarest to investigate the vertical i»irarcly 
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or be4difig types In tlx& Ilgbt ot mx^kotion moehanlaatt Izislee ,^ 
'd&tlt&f proeosis can h% used to s^&tliesise stratlsrapbio sections 
as well as b^^sg ^p& mqvmm&3, proirided thmt^ i s s tramsltion 
procedure from om Htboiogr or bedding type to ssiotb^r and 
tMckooss distribution of ttm dlfiter^nt units are Inown (Pottor 
mid Blakely, 1967; l i a U , 1976). 
In tlm study pres^ited here» tl:^ vwtloal order ^f lltbologlc 
states i s statistically deduct froB the borehole lee» cf 
Karharbarl strata of airldlh coalfield and Baraltar strata of 
last Bo^ aro coalfleldf folXoidng tbe first order eebedaed-HariGOV 
pro^ss swdel after Krunbeln $M ]3«icey (1983) • In addition^ tYm 
study escaaiincsi following tbe llarltov saroeess siodely the vertical 
arrasgeetoit of bedding t^p93 in the aeasured sections of 
Karhailtari strata in the diridili coallleldt 
The st^3s3^ alias at d^ucii^ i 
(I) cyclical order in the tertieal sequence of Karharbarl 
and BaraKar strata in teres of probabllityi 
(II) differences* i f m^p in th@ litbologie order of 
Karharbarl and Barakar cycles| and 
( i l l ) T^rtical helrarc^ of bedding types in reposed sections 
of Karharbarl strata 
Besults so obtained are used to derive inferences 
in teras of recurrence of relevant stjii^envlrom^ats of deposition 
axid the probable cause of recwrence* 
CHAPf i^ I 
MMS07 PBOCIiSS mjML 
& Marifiov process I s on© *ia which tb@ prol>atelli^ of processes 
belug lit a si'mn stat« a t a partlcuXar time may be deduced 
from ktiowXedge of tlie JjsiactdlateXy preceding s ta te" (llarbat^h 
mid CmtUof, WtQ, p« 9a) . In t a i s process tbe variouB types 
of roclss tlmt constitute & given sueeession ca& be eonsidered 
together as a 'systeis* in wiai&h eaeh indi'ridual rock ^ p e 
represents a *state>« Yistelius (1^48^ introduced the MarkoT 
process model vo eediseatary successions. His aodel, however, 
remained practically xmlscoTfifE to the r s s t oi tlife world unt i l 
Griffiths (1966) g&ve a stistulating eo^uientary on th is process 
model and dealt ^ t h i t s g^aetie implications* In the past 
decad@« the MariK»v process "sodel has been increasingly applied 
to i l l u s t r a t e the cyclic characterist ics of sediio^ntary sequences 
especially those coal-hearing (Duff ana Walton, 1962$ Vistelius 
and f i^e l*son , 19@5| Cmv Qii, a l , , 1^66| HQi^ a\:«h» 19€6| 
llrwibeln, IBm, i 3 6 i | Fottor and Blai^ly, 1^07, 18«Sj Bead 
^id Dean, 106?, 1971; S e l l ^ , ID^I l^usiheiii and Daei^^ 19@9| 
Qing^rich, 1 3 ^ | Dovoton, 1371; Miall, 1973| Johzieoii and 
CoolC| 197S| Allen, 1974| Cass)9'i^# Wf^i Qama^t^ tmd Khan, 
1076J B a t t e l , 1976), 
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Harbaugb a»^ L QwtUat {1970, p« lOX) elas8ifl«d MajrtoT 
process isodel into Discrete Tlise and Continuous Tiiae 
and furth^ proposed th© classlflcatloii of Continucma 
titm i^ arliOT process m>d€L baaed on dep^ endonoe^  ordoi* and 
st9p X r^agtb. A MarlKOY ehaln may be r^arded as a 
sequence or chain of discrete- states in tlise (or space) 
in vM-ch tim probi^ilil^ of tiie transition ftoia one state 
to a given sitate in the next step in tlie «liain depends 
oil tlui previous state* Timm c^iains may be defined as 
being single « de^nd^^ce chains) because mily a single 
precedirsg state i s involved* 'Mmy ar« also "first order« 
because the nature or tlte present state i s detoraiiiied only 
by the stat€ that i£B&ediateiy pr@cet:ies or overiies i t . 
'2hm sliiipXe or **first order" Marli^ v process as i t now oe s^es 
to be Jii^mi i s defined by immw and inell (X9^fp«S07) 
as "^ a stochastic ppooens vMoh moves throi^h a finite 
ntaaber of states find for rMch the probability of Altering 
a obtain state depiKtd only on %lm last state occupied"* 
Liteewisei a dot&le-dej^ndenee cfcialn i s dependent on t^ w 
preceding states (Harba\2gli aM Carter^ 1970) t If these 
tvTO 3ts-%es are the t^ io isisediateXy procedisf states, the 
chidn i s Si "second order" ohai% each step being of imit 
length. liDwev^, if tli® tiro steps mi ^Mcli the chain i s 
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e^iidAnt m9 not tlie iiaiaadlat*!^ ^«€)«(liBg t«o stat«s« 
the Gimln i s oC higher ordsr tban a saeond ord«r chain 
cma sltimt or both thio st«ps IscfoXwd say b« ir^ater 
%li^Xk a vudt step in length* 
Harbatigh m& 0&rt«r (X@?Ot p* IQ2) dfitaonatv&ted the 
llarlEOT elmias cl&ssifieatioB with tlie htlp of * Ladder* 
diagriss ( t i i* X)# distaxic® ^«twe#n «ach rung or ladder 
i s or VBoXt length* Tim upp^ row (a, b an>i e) lllustvatttt 
clialBS involving a siisglt^ depesd«rie«t ohalzi i. i s f i rs t 
order l>6caiJ.S€ st&%% X ^t tism I* i s dep<»sid«nt upon state 
1 at ti£)« (tf*l) * Ciuii&is It md & are higher order baeauso 
th&y ar€ dependant t%»o^  earlier states^ even though only 
a single d®p@i3deiice i@ i.nvolv«»d; /i- desotes step length* 
Examples ii]^ 9olvlr}g Ooii^ le de|»ende&&e (d^e^ afid f) are 
sb&Tm in middle row| T <l%iaot%s step lesgth for earlier 
of the t ^ 0teps iavolvtd iu the d^peiadent relationship* 
^aiaples (gfh and i) involvlisg triple -^  depeadenee are 
s^ iow& iM third rowi wh^ <£ /> d®£K>tea I«e^th of in i t i a l 
step i» dep®Rd^ «<^  rclatioiisM.p. I t i s of eourse possible 
for tlie ncjU'^ ry io a secimiiicje to extend baeii for t^ io or 
Bor# s t ^ 6 {Mlikv^t 1£'64« p«^7 | BclararsaebHr^ 19@7; 
Dovetor X971), btit in practice i t le diffieult to test 
for si i^ B^aa -^es in the succession studied contains a 
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FIGURE 1. ladder diagrams af ter Harbaugh and c a r t e r , 
1970 to i l l u s t r a t e s a c l e s s i f i c s t i on of 
^^arkov chain process based on dependence, 
order and step length . 
t^Mi'% i s a Xai^ @ aiK b^ttr of litl)OliCi;ioal traiiM.tions 
(Pottor aiii Blatesly, lS6S,p*10O) • ij»iS^IPi. S^Jl^M. 
i;^i(^^ag4]«^-^j«a&3 j i i i JS^ ^^ i, jps. t^%..pmz^&. M*ii dNto'a»'« 
XMdM^ as a f i rs t stages of tim lB¥@&tig&tlon in this 
di?^2ticm^ siag'le 4#p«itiieiic« ller^T eliain of %im f i r s t 
order i s used in tho s t t i^ prt'seated her€»# The? results 
fraia this Ear^v ehain nay hav« sigsiifleast beariag in 
planning mil^ i^ ^Uieiit isv^stlgatioas IsviXvlQg Xi^tioXogic 
m^mmey «xteadis»g h&ck to two st«ps or ssore* 
3t»«cti4riuB oS First Oroei' SaiX^ ^ Coimt Matrix 
&rmih^iM (X0^) smm&timB t^o isethode ot structurizig 
%im tra!:isitioa doimt satr ia foXXowiog ths f i r s t order 
Marlov £«ooess iK?'d@X« In tlio f i rs t £)#tbO(l i t Is assissted 
t t^ t ^ y glv^E XithoXoglesX st&t© CMmot pass l33.to tlia 
&aaa XitlioXogy^ so timt aXX edjaeent XithoXogieaX states 
must &9 different* In tlils caso zeroa snist appoar in aXX 
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el@3@nts of the principal diagonal ol traBsltlo^ pr<^aliili1^ 
Qatrisu In tbe s«eond aetliod thsa uprard tremsitlmis mem possible 
from a given Xitliological stat« to i tself , W giving a fix@d 
sampling intarvalf so that aon-swro Tslues mn app«ar in tlie 
priBeipal diagonal. MiaXX (X9?3^Pf3S$) int@i?^et«d that a 
sample intez-Tai l^ss %imi tim aviixage l»ed thielmdss genaraXly 
prodtices aora satisfactox^ i^ ipsiiXts* 
'Ih^ f i r s t ord«r a^lMiddad Marlsoir< @hain i s a proeass str\;^tur@d 
in a iray that oiilj stato trimsltio^s ar« tallied (Srumbain aod 
Baeair, I960), so tlsiat t te t^ual intenral sirqii^iice A A D B A A 
A A C C B idXl be simply as A D B A C 3# Henca tlie utisber of 
^Btrias in th& mb^dd^d »atrix i s nalX«x> than for the equal 
intarval isatrix* This process has h&fm. appli@d W i^o,w ^foric^s 
(Pottor aM Blaiwl^r, 199?| lohnson and Coofe, 19*rS| lliall 1073; 
Cassbgrap, 107S), aiad i s usad in the presantinvestigation. 
Coiaputatioml S*rQC«diir© 
Griffiths {13m), GiBgarieh (X9@0), Baad (Xg9&) and Earbaugh 
and Carter (X970) outXin«d various satric#s to eoaiputa tht 
f i r s t order «i3b«dd«d Marie^ v process model as follows t 
'£iMi f i rs t st€p to analyse a Uarisov process laodel i s tl>e 
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cospilatloB of trausitioii mwat oatepia: or talXy lastrix.. I t 
simmmimB mmimT of Um^s timt a l l pOBSlhlQ 9iertJL@al transitioiis 
oocur in a glv^n strttigrspMe su^iNiision* Xbt s«qisi©ii€@ 1@ 
fro® 0a« litix^li^ie *#ir# t^* to &€ nsadt Timm ar# &\ise4 aM 
«a:pr«s««scl la- tmtma of it »©Be»st®p» traasitloa taJJ^ aatr lx. 
!ara»sitioa cotmt matrix i s r#ferr@4 to by tim a^bol -fc^ ^ vh@r€ 
i and 4 r«pr@s«iit ifow aM i»oluraii iw)3<tMr@ r^specMv^li^* iliesii 
i s It ^«r0s viH appear ia priaeif&I iisgoa&L of -Ia2.3«f satrixi 
t ^ t is^ tramsitiaES hat's ernl^ teeea r««sor^d ute^re a a%at© 
stiows aliriipt oliazig^ 1& @l»^aet^r« 
Profoablli^' aatt ix e©iistit«a%«s tW5 satr lc ts IQEJOIKI as (i) 
transitional probability Satrix m^ ( i i ) independant t ra i l s matrix 
Transitional probability laatelx iS til® probabiXltF Of f i t*!! tri»Siti|inS 
occwriiig rauiiamly la tii© glvea strat»iir-aj>M.e eoliaai* I t eaaa 
b# olrtaln^d by §^e^3»g tiM row mi»'&#r@ ai^ d diividlsi t]9« «acli 
^i^s^jit %'j row total l a tr*3iisltio» eoimt laatrix* I t i s repr^ ss^ a'^ ^^ cl 
Independant t ra i l s matrix • • • ^ i glV«S tll« aetlMl probabil i t ies 
of the giT«B transition oecnarriiag ia & iiir®ii s#etioja» I t can \m 
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cosiputed W ^viMm tlm to ta l entr ies tor a s ta te hy the 
subtraction of to ta l ulmt&nts of otlier stata from the to ta l 
mj3al3cr of e&tries In t a l ly matrix. I t i s represented li^ 
IS thL iQatrlx showing tb@ «zpectod transi t ion pro^«a>ilities 
i€L^)f a3S\mim a Tsxi^mt suecessioa oX li thologioal 8tat<^s, 
i s sybtapaet^d Jfroa ttm lapai3sitio» probability matrix ( K L ) 
of obs#rv#d traiutltiond^ a (liff@reiio@ aat r ix ba& h^mx structured;, 
\7Uich sbows ths <lirjr$r<ince b«tii«eii obfHirved acid e3Q>eoted 
probabil i t ies (Qisgarieh^ 19^^ p« l a i ) . Such a Gtifferencs 
matrix i s not affected isQr tbt relat ive abundance of part icular 
l i tbologic state* Hoi^ver^ a norjaal t ransi t ion prc^ability 
i^atrix mss sbow higher probability for transit ions b^tw^en 
li thol<^i«s wi^ch aro m i l r^pr^isented in ti%& succession aiid 
lower probabil i t ies for transit ions between lithologl©s wiiicli 
ax'@ poorly represented^ ei^n i f the li thologios are i n rsoKioQ} 
ord«r. This laatrlx has both the positive C'*-) and a«gativ«(-) 
elcmients, and tii@ s i s of «ioh row will always be 2^ro« I'hu 
pos i t iw el€8iQnts in diffctrcnca laatrix nsspresent th& upimrd 
transi t ions that haw a higher probability of occurrenc© in 
thia observed data than %iiould \im ex|}60tfi4 i f Vcm l i tbologies 
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*ihm lis® Qi tMuB »stri3£ i s &Q% satlsfac^xy i s mmu whibwm 
tts« of «ilff«r..Be« matrlic (F©ttor md Blateiy,. li@^| AH^i^ 
Mf4| Q&si^ap and %am i i? i )* 
I t Is a s ta t is t ical phmmmism. applied '&o tmt thm prmmna^ 
Of alj*®aQ« Qi M8rli»v pr^pwp^^ in tlia $lmn ttctioa* I t i s 
4@fiiie4 &$ ^M ^m$wt^ @f ii3fir@pa6iif exlstiisg l»eti^«n tbe 
ti'iis t« i t ^iM.eih. giv€s t ^ i^rol»alsiiit7 ttmt tTm obw^^rm^ 
tra&si'lion @&iiiit (-fa. } i s tlie ir@sult of a randoi) piwe@ss 
&pm%tim vitMa in t t e ol^s^rvsd fr«qiifSMsy of »»QIE tgrpas. 
MatliJie&titaiS^r i t eau t>« neritttsi as t 
iftit&r® -PiL i s ^.dasitioa e&mx% satsriXi -ft i s tim tffmq\ma.Qy 
distari^Mtioa af toeJ^ l^^s^ Ct^ i s liMl@p#Biteat t7ia3.s sti^ &rijt 
and v i i '^i^ 4®ir^s of fjTsMaB* th{» 4%'ir®d of £r«€4o}i can 
|i@ e&letilat^ W si^'^mtim tim wmk of d^ matrix f ros t ^ 
total ma^» of positlim «Ettrit@ in ^m 8$mm mstriic* 
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Mothtr statistics Is proposed ^ Asdtrsoa and Sooted (1957) 
to test the phafoemmmi of ra»40Bii»s8 of IlthoXogle states or 
the MarlEov propwpi^m 2 ^ t«st dlstlagulshfes to«tw»9ii the tvo 
altem&tlv® ^pothesls In tltst either tb@ suo«#ssiiF« states 
&r& loAapewAmit or thegr ere not inS^^pmnSmit* £f not Xwidepmidmit 
they oould fora a first order llerlcov ehaln* 
'i^ o statistics Is ! • 
t-r ^^r 
According to Harl>6tJeh aad Carter (Xi?0), this eaq^resslon Is 
equlvaX^it to »ore Of^veolent ooiiputfttlozial equatlofi stated bjrt* 
-2iog/=2i:^4^io^(^) 
where l^ i^ ls prohabHit^ r la eell IJ of the transition-prohahllltsr 
isatrlxi pj. i s aarglnsl i»n>hal»llltles £or the j ib eoXum 
( = 2Z ^^>l'^ ^t i ) 5 -^i^  ^s traaasitlou frequeaey total In 
cell i«} of the original tally satrlx of obsenred transitions; 
Ei being total nisaher of states* 
!m@ degree of freedoe as defined In this test Is (»^) which 
i s Bodifled toy MlaU (l^S) as (»-i)^--Ot *^«» •qsiwe of nttaber 
of states slm&s one^ olnas ni»h«t of states* 
CHAPTM n 
^jjMnitj^jM BmsmsiQ OF vancAL roAisifiosrs Qfumnmic S^ TATES 
iUJD BSDDIMS TXPES 
The stiidy as reportscl hore is based on 3d borehoXe logs of 
subsurface strata trmsi the Karharbari Fomation of Glridih 
coalfield^ and 40 from the Baralcar FOmatlon of East Bokaro 
coalfield. 'She borehole logs sii^plied by oourtsey of the 
colliery admislstration in the tvio areas for the purpose of 
this investi6ati(m» w«re collected and prepitred by the geologists 
of Indian Bureau of Mines and national Coal Oevelopisent 
corporation* Out of 23 bor^iole logs of the Oiridih basin > 
•%he 
W ccsse frcHs/southiest^n block and 18 ttom the southeastern 
block. m>9%. of the borehole logs of the East Bokaro ooalfield 
are located in the leesteni half of the area* In this study an 
attempt is, made to deduce cyclical eharacteristies of ooal-
bearing strata of Karharbari and Barakar foraations* Furthenaore, 
12 stratigraphic secticms tt<M Karharbari strata laeasured from 
different parts of the basin are used to deduce the *aeBiory* 
one bedding type aay have for tlie other in a vertical sequi»ice 
in th@ area as a viiole* 
Karharbari fbrmation t Lithologie H^es 
The Sarharbari Forsation represents the loisersiost coal<»bearing 
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15 
vmit of t ^ Dasnida QrQM^^ 1% mshibits 6 XenUeulup «a4 j^ iitelqr 
distrHmtlon in m&% of m^ Q^mmm liasiat of #fttl«F8 l3sM&, 
l»ut i s wi4«j^ ;»r»ad idtMa l iaito of th« Oiriiib iiA»iib It 
U«5 a^ir« t ^ glao«eoii« l^ohir strata wltli « glight uneonfotaity 
in aost coalfieX4s (Irisls&aii^  XBm), ineludi^ tlio diriOlh 
(Bao, 1057) • The tipp^ ooataot iflth t ^ ov^Iyine BaralEar 
strata i s believoa to l?o gradatiosaal (PasoeOf 1059)* Tbo total 
thieiasess of %im Karharbg*! as rocordod ia the Siridih basin 
i s about ISO a* ^ e £«rba»liari abounds in p l^^ ljr yrmtr ooarso-
to ooarso ami moiliis-gralaod simdstoii® (about $H&% W TOXUBO) 
?iith sbald (abotit 0 W tolmm) and coal (about 9^ !^ voluao) 
occucriag svil>ordinatol]r» 
figure 2 sbows a spoeiiion of sultsurfaoe litbology of tlm 
Sarbarbari Forsation of diridih basiiu In Yi«v of shallow 
tliicis&ess of Xai^ lkarbari strata as also booause of tha asall 
stm of tho tm blooks laidor inipostigatioii* i t was 4oeided 
that onl^ ono ^ansition emm% aatrlx (-fi^ ) bo stinieturod 
by pooHag tl^ litb»losio oouat data from all tho 30 borabolo 
logs* Sandstone {A), stml€ (B) and eoal (C) ar® tba throo 
distiBctivo lithologieal statos that eonstituto ttm strata 
in tho given borabolo logs (Fi^.l^)* Assuming,' l^ bat tspansitions 
Stasi tela lithologic stato to tho seme itata i s not possible^ 
transitions wero counted from one lithologic state to anoth^^ 
i , e , ttm A to B, fh© transition count tally aatrlx records a 
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FIGUR'^  2 . Graphic s t r s t ig raph ic sections of the Rarharberi portnation 
of Gir id ih coalfield *. (a) showing chief l i t ho log ica l s t a t e s , 
(b) showing principal l i t h o l o g i e s and sedimentary charac te rs . 
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to ta l of 1230 path comits of l i tbs loglc s t a t t s tipm 38 logs 
of tbe larhsrbari Foirsatlon (Sable l ) . 
The. various j>robabilits' uatr ices (Tabl® 1) deduced trcm tiwj 
above data, following tiw ps'oc<3dijr© r€)f«rr@d to ea r l i e r , wer# 
s\;to3wot«d to cbl-squajpe t e s t aftor Billlijgsley (1963.) aad 
Mderson wad 0OQ^ft» (1057) to tos t th@ bypoth©sis Vm.t 
l i thdlogi^s w$itQ deposited in a raMom order* Disputed 
I oM-squarc' values by th© two formulae (63.30 and 1109»96) at 
3 aM 1 degree of froedc®, respectively, ar© fouM to b@ 
signlfloant a t 99*5^ eoafideiic© l#v€sl (Table 4 ) , 
I Eark>v cMia aodel as doducM froa tho Karharbari iequence in 
th© fiv©a area i s basod directly on the t ransi t ion probability 
matrix, and i s plotted diagrasatically in Figure S« Inward 
. tTEnsitio&B from oxi<@ to another litliologie s tates ar@ eliown %lth 
aiTOws propotiosal in l e i^ th to th@ corresponding probability 
values, fh© n^wsrA traaasitional path derived for litliological 
s te te i n tha ease of Earharb^i s t ra ta i s as follov/s j -
sandston« - ^ siwJL© - ^ coal -^=i wa^stone 
IMS preferred ypward transi t ional patii between %iM^ constituent 
I 
l i t b o l i ^ i t s in tkm larharbarl s t ra ta closely resembles a 
asyaaetrieal cycl® recognised hf VIeller (1930, 1960) 
in Benn^lv^oian cyclotliaas* 
TABLE ! • ?/arkov matrices of l i t h o l o g i c s t a t e s 
of the Karharbari Formation. 1 8 
TRANSITION COUNT MATRIX ( f j j ) 
A B 
A ^ ^ 1 330 
B 
C 
C 
120 
242 • • 208 
207 123 
INDEPENDENT TRIALS MATRIX (Qjj ) 
A 
A ^ ^ H 
B 
C 
0.580 
0.500 
B 
0.577 
C 
0423 
H H | 0.420 
O500 
TRANSIT ION PROBABILITY MATRIX ( P j j ) 
A 
B 
C 
A J B 
^^•0724 
C 
0276 
a 5 3 8 | H H 0Ae>2 
0.627 0.373 
DIFFERENCE MATRIX ( P j j - e j j ) 
A 
B 
C 
A B 
M H O J 4 7 
-O042ailH^ 
OI27 -OI27 1 
C 
-ai47 
O042 
A = Sandstone ; B = Shale ,• C - Coa 
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^ 
p^l^DSTo^^ 
Co; I At 
T373 
-^A/OsTO^ 
FIGURR 3. ivarkov diagram based on pooled t a l l y counts of 
38 borehole logs , showing observed upward 
t r ans i t i ons between l i t h o l o g i c s t a t e s in the 
Karharbari Formation; arrows propotional in 
length to t r ans i t i on probabi l i ty values . 
2a 
Barafetp Formation i Litiiologic tgrpes 
The Barakap ibraatlon with a kmovm thicipaess of about 800 m 
In l a s t Boteupo coalfield, r@ppes^ntD potential coal-bearii^ 
s t ra ta among tlie LoY/er Gond^mna coalfields of India. 
StTftiuraphically, i t overlies the Kai'liarbajri Fonaatlon in 
i I! 
places, but laay rost unconforaabl;^' abov« the Talcliir s t ra ta 
els0where. In the East BoKaro coalfield, sandstone oontitutes 
about 45^ (by VOIUBC) of the to ta l s t ra ta , wliil^ slialo and 
coal contribute about 35 and 80;» r©s,..actively. 
Figure 4 deiaonstratos a spcciiniai coluanar section of Baraicar 
s t ra ta in the East Bolcaro coalfield. MOHQ the 40 borehole logs 
UGtd in tills investigation i t was reasonable to rccognis© four 
litlsologioal states in tlm Baralser s t ra ta , instead of tliree 
i i 
I n t i i e Sarliarbari. Theso four l i thologlcal s tates aret sandstone 
( A ) , shale (B), carbonacoous shnlc (C), and doal ( D ) . AS in the 
caiJc* of KATharbari, only on^ transit ion count matrix was 
structured by combining t'ViO entire data, and corresponding 
probability values were calculated, assuming that upward 
trtinsition from any l i thol t^y into tiie saaie i s not possible* 
I Computed values for treinsition count oatr ix , independent t r i a l s 
• 
aftjtriiv, ajud t ransit ion probability laatris are recorded iii 
Table 2, Chi-square values after Billing sley (1961) and iU[iderson 
and Goodiaan (1957) at S and & decree of freedoia respectively e^e 
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Bot tom 
5URP 4 . A par t of subsurface s t ra t ig raphic section of the Barakar Formation 
of past Bokaro coal f ie ld , showing principal l i t ho log ica l s t a t e s . 
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4<^ TABLE 2. ?/arkov matrices of l i t h o l o g i c s t a t e s 
of the Barakar Formation. 
TRANSITION COUNT MATRI X ( f j j ) 
A 
B 
C 
D 
A B 
B M i 642 
5 3 d | H H 
24 2 
108 
312 
148 
C 
154 
347 
0 
57 
245 
m u H 124 
180 ; 
INDEPENDENT TRIALS MATRIX (e j j ) 
A 
B 
C 
D 
A 6 
|HHo_504 
C 
0.302 
a 4 3 4 p H | 0 . 3 4 5 
0.353 
0.321 
D 
0.194 
0.221 
0 . 4 6 7 ^ ^ H 0 . I 8 0 
0.425 0.254J 
TRANSITION PROBABILITY MATRIX ( p , j ) 
A 
B 
. C 
D 
A B 
• • 0 7 5 3 
C 
0.180 
0 . 4 7 6 ~ p H i 0.307 
0.357 
0.248 
D 
0.067 
0.217 
0.460 ^ ^ • 0 . 1 8 3 
0.339 0.413 1 
DIFFERENCE MATRIX ( P i j - e j j ) 
A 
B 
C 
D 
A B 
1M|0.249 
C 
-0122 
a 0 4 2 p | | | -0.03 8 
0.004 
-0.073 
D 
-0.129 
-0.004 
- 0 . 0 0 7 ^ ^ 1 0 . 0 0 3 
-0086 0.159 
A = 5 a n d s t o n c ; B = 5 h a l e 
CrCarbonaceous Shale ;D = Coal 
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slinlfieant at 90«5^ oonfld«ne« X@ir«l %im eosput«d vaXiMs 
(•4S.04 and 1302*99) (Sable 4) are higher eoough to r«^ct 
t\m hypothesis that «ach lithoXogical st3t« i s lfid«p«iid«iit 
o£ one that preoddvd it* Tbm i^iaitjr of process dep«ndonc« 
duriiig the d«position or individual lithologio states i s 
oonseqiieiitly aoc^pted* 
A preferred upward transiti<m of li^bologies i s shown 1^ 
arrows, propotionaX in length to the eorrespozidiiig probability 
Taluks (Figure 5), 71^ transition probability values tend to 
link a ^ t of lithologic states mud show the following preferred 
upward paths 
COal —^ carbonaeeous ibale -»shale .^ ^ sandstone -^ shale —> 
barbonaoeotts shale—>doal* 
IThis toward transitional path fros eoal to sandstone i s based 
on highest probability Values and that froo sandstone onward 
i s bas&4 on seeond highest probability values of transiti^i* 
ThQ cyolioal sequence in the Baraliar strata as disoussed above 
i s closely t&&^ to synsetrical eycle (teller, 1930^ IddO). 
Evidently^ this <^elioal ae^ueiice i s different twom that of 
Karha bari strata ^deh i s ^laraoteriaed 1^ ae^ inBiietliieal eyele* 
The genetic iiapHeations of these sequ«moes 93tQ disoussed 
elsewhwe* 
Sarharbari fomaticsi t Beading tS^ rpes 
The Karharbari sandstone aboiBids in l&rgescale tabular - and 
2i 
SH4L^ 
o 
k'^ 
COM 
lUIii'] 5: Markov diagram based on pooled tally counts of 4o borehole logs 
showing observed upward transitions between constituent lithologtes 
of the Barakar Formation; arrows propotiDnal in length to 
transition probability values. 
25 
trough-shaped cross»h@<Miiig tiirotigh C8>st part. SotalXscole 
cross-bedding, horizontsX heddiog and sassive boddliig are other 
haddlng t^pes that charaet€ris« tha Karharhari sandstones 
(figtira 2b) 0 On rtemX msmismtiim of eacposod sections, the 
bedding types dionot sees to exhibit a s/st^^tlc Yertleal 
sequtncea* Mi. atteiupt Is therefore aade In this investigation 
to deduce a fertlcaX l^lrarcby of bedding t^es in the light 
of MarlEOT proeess siodel* Feur characteristie bedding types 
are recorGled as dlffi^€^t states to eoaipute various matrices 
of the first ord^^ eisl>edded Marlfiov chain as follows t 
{A) Largeseale erosd-bedding* 
(B) ^allseale cross->beddini 
(C) Hoiii^ntal bedding 
(D) Massive beddiog 
A total of 3 ^ eounta froo 4 bedding tsn^ s^ refetred to above 
were oomputed from a total of IE neasured sections of Karharbari 
strata (liable 3)* Following the aforesaid proeedure, the four 
matrices »^ere computed incli2di&g th@ Olfference aatrix after 
the laetbod outlined by aingerleh (I9^,p*131)« Chi«square 
values of 11S*80 and S91»BI at 3 and $ degrees of flreedom as 
recorded in I'able 4, are significant at 99«S^ a confidence level, 
and sup^fort the contention that the bedding types in vertical 
order significantly eorrespond to Marlsovian meehaniss Implying 
that each bedding type holds significant tsieiBory* for the 
preceding one* 
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TABLE 3 , Markov matrices of bedding types of the 
Karharbari Formation. 
TRANSITION COUNT MATRIX ( f j j ) 
A B 
A ^ ^ 1 56 
B 
C 
D 
C 
38 
28 ^ ^ H 53 
19 
59 
D 
15 
13 
22 ^ ^ H 49 
3 0 12 
INDEPENDENT TRIALS MATRIX ( e j j ) 
A 
B 
C 
D 
A B 
BBHo.329 
C 
0.316 
a 3 6 3 l H H 0.300 
0.359 
0.372 
D 
0.355 
0.337 
0.309 ^ ^ H 0.332 
0.321 0.3071 
TRANSITION PR08ABILITY MATRIX (P j j ) 
A 
B 
C 
D 
A B 
I M | 0-514 
C 
0.349 
0 ^ 9 8 ] H H | O . 5 6 4 
0.211 
0.585 
D 
0.137 
0.138 
0.244 ^ ^ 1 0 . 5 4 5 
0.297 0.118 
DIFFERENCE MATRIX (Pjj 
A B 
A ^ ^ l O . I S S 
B 
C 
D 
C 
0.033 
- 0 . 0 6 5 ^ ^ H 0 . 2 6 4 
-0.148 
0.213 
- e j j ) 
D 
-0.218 
-0.199 
- 0 . 0 6 5 ^ ^ B 0.213 
-0.024 -O.I89| 
A :: C r o s s - b e d d i n g ; B = C r o s s - l a m i n a t i o n 
C r H o r l z o n t a l bedd ing ) D = Massive bedding 
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T£mM 4i QdHt^i!mm9 8l»tl6ti#8 9i tm^om Mmletm •ft%rle«8 
m?t i?g ,^ftaiiic&w .(^ aiarrggmr^  8iaia.ittff{i) 
f«st iqmtloi^ X Degr«e of DPoedbB T4irltrtng vftlusd 
MWWIWIIWI****!!!!—!—!* III I III n iul—K—l—ll l ir i l IIIIIJI (Ill 
KASBiMiM msmnon (u^ioXfigie VUUB) 
BAR^oi i<(»siLm;o&' (£»itixa06i« states) 
niiiiiinii »»i»iwiiwi>*i»«i»«Mili'«i''"i"''"'i».i««wi«iiiiiiiiii iiiiiiniii »t«jimmim>K*>"i i' "i i mumm^mmmmhmmmm't miimimm»>tmtmimmtmm»m0mmmmiim»tmt>itm 
» f«9% ^vmtXm I ir«f«rs to Chi«Squir« statistic* aft«r 
Bi3,Ui««2.i^ (3^iD and 8 lK) tliat aftar Axf^ arsoa aad doo^an 
(13$?) as aiaitl^te4 la tlia t«st* 
# ZiJUBlting f^tta at ^ ^ ^ ^mmMmit l^tml as roaoip a^a firoo the 
atandavd t«^a ^ cm^gpiare aii«irl^ti<m« 
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Hie proposed Markov etmiti Biod«l for the vertical se^ueiice of 
bidding types in Karharbari sandstoi^ shoim ixi QircuXsr diagram 
Cllg\2re 6)« ta^a into aocount the highest md second highest 
aaletaated probability vaXtiai ot tranaition probability aatrix, 
recorded in fable S, Litbologies with transitloii probability 
values of less than 0»20« i*e« SO chances out of 100 counts^ were 
not incorporated in the transition path* As is evident froio tlm 
circular diagram there are clearly t«o preferred paths of upward 
transition of bedding types as follows i 
Sequence I 
(Based on highest transition ivobability values) 
(C) Borisontal bedding* 
T 
(B) SuaHscale eross«bedding t (4) I«argesoale cross-bedding 
T 
(D) Massive bedding 
T 
(C) Qsriisontal bedding 
Sequence II 
(Based on highest and second highest transition probability values) 
OB) asallseale cross*beddi»g 
t 
(C) Horizontal Bedding 
r 
(A) Largescale cross-bidding 
t 
(B) amallscaie cross^bedding 
T (A) Largescale cross^bedding 
T 
(D) Massive bedding 
(C) Horisontal bedding 
Ui 
0.2^^ 
r 
m 
^'a^kov diagram of bedding types sequence of the Karharbari Formation comprising 
bigger and smaller c i r c l e s : bigger c i r c l e , to the l e f t , based on highest t r a n s i t i o 
probabi l i ty va lues , y ie lds asymmetrical cycle; complete diagrein including bigger 
and smaller c i r c l e s , based on highest and second highest t r ans i t ion probabi l i ty 
values , i l l u s t r a t e s symmetrical cycle. 
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Th<^  teras '^asyoBotrieaX" and "apmetelcal" «^cXes wwe 
UBmd by V^ler (1930» 1900) to distliiEuish •ertieal sequences 
of lithologic typ«s in P«s»syXvaiiian cyclothtas. However^  
in tills study thes^ ^ t«rss hav« be^ n used to distlngialsh the 
syiimetry of Tertical bdijrarcliQr of b^daing types. Of tb9 t%o 
types of vertical beiif&r<|l3l@s of bedding types stated above 
sequence I i s described here as asynsBetrieal eyelet whereas sequence 
IX, as syianetrieaX cyeXe* fim two ^pes of bedding sequences 
e jsay be the result of in^aetion between the loechaniaB of 
depold.tion and attendli^ hydrodyneiBic condition, as eXaborated 
@X severe. 
CIIAPT!3l III 
OBQLOQICAL IHfiSPBEtATIOlI 
£jurhar1»arl Fofsaticm 
Computed results of f i r s t ord«7 Marlov Ciialu fioalysis reveal 
a cyeXlcaX ord^r of litikoXoglc s t a t ^ l n tbe Karharbari foRBatlon 
ttam saitdstoiw through BhaXQ to eoal (Fi^urs 3)« flie Sarharbari 
sandstoiiie Is p«bbl]r v#ry coars©- to coarr>e^raifi«d In tbe Xovmr 
part of th@ focffiati<m» Commowl^p tbougb mit as a WIQ, tb@re i s 
«Yidence ot raXativa flDing of gcain size in th© Eartaarbari 
sequaiic« froia lower to \i|>p«r part* Ziidoed» th« Bdddle and iQjper 
parts of the Karhas^ari eomacmly coosists of eoarse and sediusK 
grained sandstone^ respectively (Te^sri and CasshQrap^  in press). 
In sMU^  out«ropSf tha fining upiiard ebaractar i s evident also on 
a mmH teale in th@ fotia of indiri^iai cyeiiitaX imits liKe of 
wbich bAYo b e ^ deduoed in this study« Xndiiridually« ^cl@s may 
vary in tblelo^ss froei a ootiple of asters to several oeters* 
Selection of basal mmkmr of eyelioal uaits aainly on tb@ basis 
of lithologic transitions i s sot q\iite ooBVinel^ (Bead» 1960) | 
and requires relevant f ield evidiasees sueh as tbose diseussed 
by several vorkevs (AUent 133l| Duff et alt^ 1@8?)» In the 
sodioentary cycles deduced in the larbarbari Foraatloni pebbly 
31 
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rwf 008V89* to «oiir8« saMitoii® oosBBo&JLy •xhlbit9 toll. d^Tiatd 
flBiEaa-aa4 X««g« shallow mfoslo&kL vimmoU w seouf^d 8urfae«s 
at the base* Adaitl#^y# thli yidt aay^  w«ll b« r«gar^«d as a 
basal unit of an Isidliridual e|rel«« Ils«i^isr«t in the aldOle 
m%d w^9^ parts of %lm iam&tiG&^ a sodiisdiitarr «orel« isa;^  b^ln 
with p9bhl%^ft0« ooajr3«»to B«<li)S3 saMstono iMeh guiy lilie«is« 
exhibit scoured surfaeo at the base* Pebbly eoarMt^ and oediisa 
sandstone aeob^ of orelieal iiaits i s as a rule pfofiisely eross-> 
bedded aad abounds in ehansiel and aultUatersl bodies^ and 
elosely res«sbles eh«mel sand faciei of braided streaas (tewari 
and Gasslyap* in pr99»)^ 
Transition probabilit}r value of shale (0*$88) going baek to 
sandstone suggests intwbedding of shale l i ^ sandstonSf giving 
rise to an alternating asseablaget Sai^stone in the alternating 
asseabli^e i s »edii»«graiiiedf poorly seated and <woss»laaiinated» 
and along with interbedded shale^ oan well be interpreted as 
8wale*>fill or ovorbank deiposlt laid down either on top of braid* 
bars or in the adjoin^ MK j^^ ankSy duriJig periods of «ieessive 
disoharge and overnowst Iiooallyp wlwre flood basins developed 
in baolcswfliB^ s following a flood stage^ oarshr eonditioos say 
have resulted in the forsaticm of eai^naeeous i^iale or coal* 
As say be eipeeted^ shale shows a strong aeaorjr (0«4€S) for the 
suoeeeding ooal* 
It i s sijggested here that wandering of an a^anohiag ^lam^ls 
of iHrai^d s^ ^eiBS in response to varying discharge and rate of 
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d«pQ8itloQ| BM eonrnq^xmat lateral shift of ooclosed braid bars^ 
possibly^ resulted in the d@v@lo|»a«ait of asymetrieal eyclicid 
units in the sand dosiinatdd Karharbari aUuvial plain* Eapid 
and frequent lateral shift of eiiann l^ eourse^ a cosmtm place in 
braided river plains, i s likely to favour the developsient of 
asyoGBetrioal cycles (ABCA)« 
Bedding tjfc^s in sandstone aeaber of each sediiaentai^ eyele 
reveals a t^steaatie vertical l^irarelisr following tbe first 
order eiabedded Marioov ebain analysis (Figure 6)« Depositional 
iisplications of bedding types and ^leir pref^red seqxience as 
recorded in tbm Karbarbari i s based on relevant eiperimental 
studies or earl^' worlcers (Harms aiid FabnestodK, 19@&| Siisons 
et a l o 19^1 Allen, 1963)« It i s videly be l l i ed tbat ssiall- and 
largescale eross*be^ing developed in braid bards, point bars 
or overbanks of alluvial plains, ai^ oceurrXi^  in eosets, are 
comEBonly tiie result of doim current siigration of saall* and large 
saM ripples, respectively, in tbe loner and upper parts of lower 
floTif r^ine. By contrast, horizontal bedding i s believed to be 
tbe product of plain bed transport under coi»liti<ms of higher flow 
r^^iise. Massive sandston«^  as notc^ d in this study i s either 
devoid of visual internal structure or say e^^bit faint traoes 
of horizontal bedding, and arbitrarily oay be referred to upper 
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flow r«giB6. fim seq%»m69 oS biding types d«riv«d in Xartiarbarl 
sandstoi^ can W9ll hm •iq^Xaiiied In tmrns of tigymmt^ie&l &M 
sym«trleaX cyeXes (Figure 6)« 
AfiyBBJttgXgg. ffiygXt t* As coiiC«iin«i hy mUmt (1930* i90O), an 
asyranetricaX cyel« shows diff^r^ztt uziits on top azpd bottom of 
s&4ii»entary oycld^ i«o. A B C D A B 0 D« Tl^  ai^ iWMt^ rical eisrcle 
of botiaing type ii.sandstone ]ii«ab@r» as d@<luo«d i s tMs study^ can 
be represented by the following ij^ard translti^i (1) boriasontaX 
bidding (11) sasslva bedding ( i l l ) largeseale eross«beddlns (Iv) 
soallscale eross^bedding (•) horioontal bedding^ as Illustrated 
in Hgure 7« The vertioal sequence of bedding types^ froQ lower 
to upper part of a eyele« Is possibly so arranged to show a 
progressive decrease in tbe eospete^gr of deposltioaal eurrents 
£r<^ upper flow regiae In tbe tJ^ per p^t as Indloated from 
borlaontal and sasslve beddi^ defining progresalYe3^ to lower 
part of loner f loir regime In upi^r part as laplled twom smallscale 
cross^beddlng (Figure $)• In twen, borlsontal bedding records 
highest probability of oeeiory for the i^ reoeding tts^Llioale 
cross«beddlng« 13iecontaot be tureen thtse two bedding t^ rpes is^ 
so to say» erosional in plaees* Iapll#l$j* the sequence i s 
suggestive of a revival of upper flew tegine oondltions In river 
channel envlronstenti following the depesltlon of ripple laalnated 
sand, and thereby marks the beglnl^ of sueee«ding ^ele» The 
above sequence can well be ei^lalned in terms of i^ftta^ationai 
nee bdsed. on highest t ^dns t t ton 
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Fining - upward 
asymmetrical cycle in 
Karharbari sandstone 
based on gra in size 
and bedding types ; 
shows a progressive 
decrease in o i r ren t 
competency varying 
from upper flow 
regime. ( horizontal 
and massive bedding ) 
in the lower par t 
to lower i n t e n s i t y 
of lower flow regime 
( small scale cross -
bedding ) in the 
upper pa r t ; 
suspecfeed erosional 
contact between 
small scale cross - j 
bedding and horizontal! 
bedding forming the 
basal un i t of next 
cycle . The sequence i $ 
possibly 
aggradational channel 
f i l l i n g . 
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I t i t e rpre ta t ion 
Fining - and -, coarsening 
upward symmetrical cycle 
in p a r t s of Karharbari 
sandstone based on 
v e r t i c a l t r a n s i t i o n of 
bedding types *, a 
progressive decrease 
and increase in current 
competency i s indicated 
respect ively in lower 
fining - upward and 
upper coarsening -
upward p a r t s of the 
cycle ; possibly suggests 
a systematic decrease 
and increase in flow 
ve loc i ty and water 
discharge as well as 
I back - and - forth 
wandering of r i v e r 
channels in a braided 
r iver p l a i n . 
FIGURE 7. Acolumnar diagraffn shov.dng asymmetrical and symmetrical cycles of bedding type 
sequences of the Karharbari Formation, and t h e i r genet ic i n t e rp re t a t i on . 
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chAimeX flXXisg {L»op9Xd «t «!* 
anaietrigfttCyfilff :* A ippootrleaX qrele eo&8ifti of Msbdrs 
arraz)g«d titst in a progr^fslirs and Uym in « p«rl'eet34r aatehlng 
r«Yerstt ovder !•«• A B C B C B A (leUL«r« 19Wf X960)« !Sh« 
tipiMTd transition pitth of btddlsg t3rp«s liy th« G<»!»liilng tha 
highest and second highest probability^ valiiaa yi«Ld8 a isor« or 
less syasmttieaX ey^ el9» consprisiiigt (i) horisontal bedding 
(11) aassiira b«ddlng (111) 3,arg«seal@ erosiMb«ddiiig (iv) 
siaallseals erosj»b@dding (T) large stale ero8s«>b«dding (vi) 
horisontal bedding^ as in Flgisre 7* Bvidentl^t l^wr and 
upper parts of s^wsotrieal eycl^ of bedding typ99$ respectively 
may be indicative of a progressive decrease and increase 
in bgrdrodynasiio conditions attending the river channels of 
alliivial plain cociplex* Th& steady decrease and increase in 
current coope^ncy as reflected 1;^  bedding types aayf in turn be^  
aiiiong other factors^ a function of progressive decrease and 
increase of flow veloci^ and water discharge in river channels^ 
and or say correspond to parts of river chaisiel coiaplex istmir& 
deposition went on badbi^ andioforth vandering of river channels in 
flood plains isay also accoiait for the developoent of syoietrieal 
cycle of bedding ^pes* As opposed to this^ ass^traetrical cycles of 
bodding typeSf referred to earli^r^ say be suggestive of those 
areas of flood plain complex where deposition went on fits-^az^-
starts* Indeedi the sasiple size of aeasured sections as used in 
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this stu^ i s far too inadequate to savi§9 th@ original areal 
extent ot sobdnYironoi^ tits that fafoured dei^oslticm of a 
asyMBetrieal or s^mmtxtt&l circles of bedding typ«s in 
Karharbari aXXuTlaX bESiz3i9« 
P i^bllshed Tmwk on coisput^ d upward transition of l3«^ ding ^p«s 
i s liisitodf mid not «E^ ugh to ^arr^at diroct eocip«rlimi 
and inter{ir^&ti<»i« l^X«n (X06$« X9T0) r«y?ort«d tatlrarc^ of 
bodding typa sequ@ncos of alluvial tuccssslon tvoa Old Bod 
Oandstono and diseussod tlielr g^ n e^tic isiplitationst Thm 
vertical Mquenc© of beddii^ t^es reported 1^ Allen (1970) 
shows a preferred up^ nurd trrissitionaX path froa C^vlomeratic 
fades, largeseale cros^ wbedded sandstone, throiagli flat bedded 
sandstone tmA smallacal© eross«bedded sanditone^ to s i l t stone* 
Th.Q fining upiiird oyelotheios and bedding sequences of Old Bed 
Sandstone i s different froio that deduced in Karharl>ari strata^ 
in which, W oontrastf horisontal and laassive bedded sandstone f,rc-
successiirely' overlain by larg€>- and osallsoale ^ro88«bedding« 
Indeed, eoaiparison of these two sequences shows differences 
not only in the nature of river pattern and allvnrial plain 
Gompleie,, but also in eorrespending bydrodynMtle eonditions 
that controlled the dei^lopsent of bedding types. 
3 1 
Baralcar Fdraatlcm 
Statistleal sequio&c0 of lltlier^Xogs oi MwfBkax stvftta eovrolMret«s 
tlm reported oceurreiioe of flDdi^ ui;mar<l <^ei8s in thQS« vodcs 
transltioiua. path )»0ti9ed& et^stitueat lithologlvs of Baraksr 
Formation i s more or I^ss eo@parabl€ to « j^aa^trieal cy e^le 
comprising ©f « eoal—>earl»oiiaeeous shBl«—»j^«l«-^»M«lston«—» 
shale—> ear!>oiiaeeous shaXe—^eoal (Hguro 5)# 
In Yimt of reported ahs^soe of ^rosional eont^ots at the base 
of sandstone Bt€Obfir (C&sslQrapf X9?0), ooal i s oo&si^ er«d h@re 
as an appro^iate hasaX unit of Baralsar cyele* Usenhere, in 
B}arop«aii isoal s@asvtr€8» eoal has h«en ehos^a as hasal i3«aber 
of Carboniferous cyclotlMS} tor a simpler raason (Doff at al» X907) • 
Thus the ^psaetricaX cycle as reported hero i s an aaEHapXe ©f a 
composite asseobXage of coarsisg^ and fining* v^nard sequence* 
Ck>aX exhibits upward trai^ition invariabXy into earbonaeeous 
shale with ^ansition probability value of 0«41, Tt^ deveXopraent 
of isarslQr conditions iMch resulted in t^ ie fonaation of coaX 
and carb(maeeo\is shaXe at a gi'^ai pXaeei graduaXly gave way to 
a 3)i>envlronQent which favoured the acouauXation of :' fine 
cXasties* TestiiEKHsy to the above eontention i s borne by existence 
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of groat^r probability or Uj^ imrd transition ft<m e^ rbonfteftous 
shale to ahaXe* Two-way trsaeititm batween ahaXe md oirerlyiag 
sasdstoita ara conspimioiii and anils t&r an intarbaMad aaaaabla^a 
of shale aM nmA^tmrn^ elosaly fuggestifa of^  an oiritbank X«^ 
deposit. 7h@ bulk of aandatona in the Baralcar ic aaaraa* to 
23adit]iB<*graiiiod and eros8*baddod aM has baen attributad to 
ehBsrml facias (braid bar or poiat bar) by aost •atly sorliMrs 
(Caaab^ 'iq^ y 1970)* In tur% ehaimal sand sueeassivaly shows 
a tra&sition v§ iisto shaX®» earbonaaeous tSaaXv md i»to coal 
(Figiure &), r^sultihg in a saqisasea liare dia«» i^b«d as a 
syanatrieaX eyel%» 
^though ehamml wimMr^^s }i^ii3Jusw&& to ba tha aost plausible 
seehafiiaD for th@ dav^opnwt of sadiaantary e^alas in alluvial 
deposits^ a »ore spaeiflo sat of eonditions ma^ iim^ aontroUad 
the fonaation of spOBatriaal ey^as in this sajor anidronBient. 
Perhaps^  a alow and gradual baole* and « forth shift of channel 
in alluvial plains as also eorrospcmding lateral shift in 
assoeiated overbank subexrfiroiAimts^ together with eontrolled 
periodic dischargey mt^. possible aiieount for the developnent 
a n d -
of a eoay^«ita ooaraingitfiBing'^ upiiard litho*taquiWide in the 
Barakar strata* 
i^mmx l i s ODiaiig£os8 
Ih9 nin^fttiJbe dmpMtB ^  Mmeit^bmt mad l^»$Mmeg femlug the 
Xomae tm iialts «f tlit ISianaiA ii«ii{»t «ililMt « Mvlwd contrast 
in th« iiftti»« of lltlil9 f lUf M«&el«fi« «8MnUtg«# «• ««IX *s 
In %im 99fimmm «f »»dl>HNit«r3r «1aruefisr«i» Satll«r laidas 
0u(b49«tlir« ist itpp«^eli «ZMI »f |f6 a m#|9«t iMtlmr ^ •e[tttvov«ri^ « 
She jitolr t^^con^ ^mm ilaa at 4fliix«liii tlie yar^t«I tVfi»»itioB 
of )>«4di]|g r^pM Ijt 1 ^ «fftll^»^« ttr&tlivi^hie M«MiMitt i& 
ordi«r to oftililLliiN^ Hi* iNOidltr ^^ ^^ti«fil otr^st ia ^i» tise 
f<^Rifttiea9f 9of«rfod ^ i^^ potet i ^ i f«l l #mt «3.«»ant8 of 
4if f W4iM(*Si i f m^$ 3 ^ ttm^ l i Iiite4 mi ths ttppli«fttl4m of 
Jtnxetwoil f^ft iml^ for 1^ )wr#i»lo Im* of tiM ItilMtlMri a»d 
40 iK r^obDlo %m* ^ ^^ SflirolEir* 1^ adilUoRy iwH^ iiMiX titirsrol^r 
of boi&iiis ^srm* i»» inioi^mfttod iM aoiawot iooMotti of 
Sarhoi^ MHri aonatlcmOf ^alJ^mlne 1 ^ Stricov obolii etol^tloo* 
t'm ?^9tatt so o1»|;i&li^ « m^i^mA «lt& roXo9»ii% fli&4 ovl4oii^»> 
oazi l»o o b ^ o t l f ^ ORilr**^ AS mM9» I 
(1) mat, ^10 £itiiai%«»i l^i»atioii «»iai«tt of a x^potitivo 
8eci)3WU»o of fiiilae««piiWP4 ai^ raowfaTioal. or^ot t r^roaoiito4 bjr 
tlia soft ftolM^lo i#^«rd tvaniiti^is of Xlth&XofioaX otatot as foIXow> 
sasdito^ -^^^ l^«io ^F^ ttoal. -^F=^ iNBidStoiio 
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si;&8«<lti4me« 1& tb@ l»m» part aM fiii|jBg*i^ »mvd 9t^ ae^u«sie« in 
( i i i ) fhatf ft possible eggfftdatioiial tliffi^itl. tUX or rapid 
lateral 9M,ft ia eliiastMi e®W8« of ^al i»d rlv9rs aa^ possibly 
aeeomit for t )^ d«ip«l«i^«et of finiai i^mrd ai^MNili^aX c^olo 
in tlio X&rlm^Mri »trata« Ss against %\ai»$ a ooai^silo 
tjWMttrieaX oyoio in tiis Barakar strala say li& ist«rprot«d in 
tarns of slow and gmi$mX bac^ aaS «fortb »MX% of ri^iar oltannals 
in ^i» isforrod ailizrial plsjjas with sorrespoMlDg latoral 
shift in assooiatai if^bmmi^tmmmtft^ 
(If) Xntar«t8liagiyf bad fors lisirttpeir ^i Sarliarliari sandstona 
in tii& Oiridib basin |ri^4s tao distinot t^ rpas of "vwrtieal 
transitions* Ona« bars oaliadt BgsggStMS^tkt ®^ d^iirad whffla 
only highast transition prf^abiii^ tak^ into aoeomti tbs 
otbar» oailod ssStt^MkSAt ®^ obtained lagr o<»bining botb 
highost and sa<^ od bifhest ^ansition probability iral;«os« 
Most probabia lipmrd transitional path of beddim tfpas in 
a^ranetr^al «yoXas consists of s boriaontal baddlJig —-> massive 
42 
b«ddiag —> X«rg«aeftl« «i^s»i^«4Sing -^itt«XXs«ftXe ^ots^badding 
— > lioriaK>n.taX b«ddii}g« ^QmiW^f t l i l i s^qwmct IM^ IMIT® 
deTdlop^d la aggs&ding 6lia»»eXii ot bvaiddd rivwr e<»iFl«x# A 
syaadtrleal ^ e l « of b«ddl»g ^p9» eoieiprlsiiis s liDris^ntal 
bedding—^aas8i¥« bedding—>i»fii»sal« ero8$«b9ddi»i — i^siftlXscaX® 
cr&ss*b@ddl£it —^^lafg^ieale erQS&<«b#dd^^liotiM»»lftl bvddisgi 
a&jt possibly eorr«spond to %1mm of tl|e braidtd vlvat ohanneXs 
wMoh jsay h&vo ^m&mmi. hmh* ftxid^> forth ftcross %\m idjaovnt 
sY3b«ivlromoiits^ sXo<id.y ratbc^ tlu&ii tiaroiagb tv^aloiw 
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strata i n tlis f u | l ^ f M «P«ft> Qifa fr#f«etiir»» ^oitraX 
^olmssm, K«R, sM Ccmk* A«C«|^  ISI^t %c l i$ eliar««t«vlttiei 
ot ^M lJ i ^ t i l a tine iiooft Ii^-ttai Bts^li Si i^ i to^t ^*>* 
Castle esal ^3i i f«Sy i ^ Sm^h WL^Sf Xfttb* 09oa.»f 
f ^ §, f • i i * HO* 
lea^aTf ^«^« ^ i ^ @ii@llji #4**« IC^ dSf Finite itoli»v «fettitt»t 
Krla}m«ifct M«^# X9i8t QeoliCt^  of la#.& asd SUHHU aiigix^tbiaiSy 
I r i s ^ i % W*C«f id0?p q^|)5B11A^  I f C^pt i t^ prsimnt for M&rlB^ -r 
eiiaia wepo^iiMii^ i n CI«cilogr*^ « Con^ t ^ ^ ^ i l t t t i < m 
.,, .ji. wHi i^ <s#ir i«f#p aJi@i i f i i^ ' f fiiKLB «id m%9^M wmwt 
CFft«) l.td., Stw MXM, ^m pm 
18 
so»e ipertl^ai pr#IIJ.#» tlvmigli a Cr#%«t««mf ^r&iiet 
s%iN»«i <l«p»iit»9 Mwks ZaU&M,. iamtl^ 0«BMm« 
Potter^ fmf*.^ m& t i a l ^ l r , '.B.«f«.i M^f,. Qmim%%%<m 9f irntbttie. 
49 
Bm, C»U#f 1997^ "^ms&B #f ««&iia«iita%io{i in ®Lyi4ili tesijft» 
B«&d| w«i«t }.d6ii Midiri^s «Eiil Maalt&ti^i of Si»url«ii 
svdiiMtftts in Ceoir&I SdotXaii^  uiing a liatlwir pfoe^ds 
.^..,,,„^ Mi4 mmk J«M»^  196f» A quantttftU^ ilttd^ 9f « SttQUtoce 
, f I'S^p & qmmUt^U'^^ sta^jr Qt s«q^«»0« of mtSi^hmfim 
€^«1«9 i a tb« Hiitturiaii of a«&1sraX &eo%3jHidf a# 
Hoy C>io«^ l)Ka^ ,^ «t l«ft«lGir B*, atMi Mitr% li*i)«^ 1073^ 7«etonlc 
XM1&# Xa ^ '^"^v Casp i^ilXf «d* o^ndhNUBtt S«oX4icr» III 
Iat«r« Oond, 3sf^»^ Caza»rfa» p# ^ 5 • fl90» 
achnwraaehrMfi !«« XS^^ *S(sm «sp«rl»eiits l»» iXwuXAt* p^misyXvaiiian 
7o<^ s«qi2)8xio« of Iaa3a«» **Coiipi^ er oositPXl»iti<m Xd^  
Kansas 6«oX<aileaX Bmnm^ P» 9 « X4« 
_ .f X9?Sf S«^$3^ntati6fiiieil«Xi aad qusailtitiva stvatiirapljgr^ 
SeXl«;K« E*C«^  X&@8| SItuiies of s«qu«»o# i s jMdXM&t« using a 
9iii^ X« aai^beoatitaX Se^09» o^i»r« 0«0X« Soo# 
50 
B^mMmk%mf n^m%m9B $m)m&%9^ W ^^w $M ailliifi&l 
%«€t* F)ili«j. I0:«I% ft M * Silt 
s«dl^«sit trsnsport iir«etidii In llwriaMl« Kirtoarliarl 
fQrm&tlQU #f stt&tft«*y DciKLi^  £l^d«sill K«iik BS^ SR, 
^mti^ nM i t s sigslfieam®* ^mxe* ^ml* ¥«4l0f ft 97«I2i« 
-, ,,f XSiO, Stfatigtsffeie frlaelpl®* aM p9ae%i@«» WBiitpme 
@M low puliXisterif. Meu tmk$ ..' 7 ^ pp^ 
